Reproductive Evolution: Pulling the Plug on Selection  by Reilly, Douglas K. & Srinivasan, Jagan
Current Biology
DispatchesMorphology, M. Hildebrand, D.M. Bramble,
K.F. Liem, and D.B. Wake, eds. (Cambridge,
Massachusetts: Belknap Press of Harvard
University Press), pp. 210–229.
2. Wainwright, P.C., McGee, M.D., Longo, S.J.,
and Hernandez, P.L. (2015). Origins,
innovations, and diversification of suction
feeding in vertebrates. Integr. Compar. Biol.
55, 134–145.
3. Liem, K. (1990). Aquatic versus terrestrial
feeding modes: possible impacts on the
trophic ecology of vertebrates. Am. Zool. 30,
209–221.
4. Schaeffer, B., and Rosen, D.E. (1961). Major
adaptive levels in the evolution of the
actinopterygian feedingmechanism. Am. Zool.
1, 187–204.R984 Current Biology 25, R980–R1001, Octo5. Bellwood, D., Goatley, C.H.R., Bellwood, O.,
Delbarre, D.J., and Friedman, M. (2015). The
rise of jaw protrusion in spiny-rayed fishes
closes the gap on elusive prey. Curr. Biol. 25,
2696–2700.
6. Holzman, R., Day, S.W., and Wainwright, P.C.
(2007). Timing is everything: coordination of
strike kinematics affects the force exerted by
suction feeding fish on attached prey. J. Exp.
Biol. 210, 3328–3336.
7. Motta, P.J. (1984). Mechanics and functions
of jaw protrusion in teleost fishes: a review.
Copeia 1, 1–18.
8. Staab, K.L., Holzman, R., Hernandez, L.P., and
Wainwright, P.C. (2012). Independently
evolved upper jaw protrusion mechanisms
show convergent hydrodynamic function in
teleost fishes. J. Exp. Biol. 215, 1456–1463.ber 19, 2015 ª2015 Elsevier Ltd All rights reserv9. Waltzek, T.W., and Wainwright, P.C. (2003).
Functional morphology of extreme jaw
protrusion in neotropical cichlids. J. Morphol.
257, 96–106.
10. Day, S.W., Higham, T.E., Cheer, A.Y., and
Wainwright, P.C. (2005). Spatial and temporal
patterns of water flow generated by
suction-feeding bluegill sunfish Lepomis
macrochirus resolved by Particle Image
Velocimetry. J. Exp. Biol. 208, 2661–2671.
11. Hulsey, C.D., and Garcia De Leon, F.J. (2005).
Cichlid jaw mechanics: linking morphology to
feeding specialization. Funct. Ecol. 19,
487–494.
12. Anderson, P., and Westneat, M. (2007).
Feedingmechanics and bite forcemodelling of
the skull of Dunkleosteus terrelli, an ancient
apex predator. Biol. Lett. 3, 76–79.Reproductive Evolution: Pulling the Plug on SelectionDouglas K. Reilly and Jagan Srinivasan*
Department of Biology and Biotechnology, Worcester Polytechnic Institute, Worcester, MA 01609, USA
*Correspondence: jsrinivasan@wpi.edu
http://dx.doi.org/10.1016/j.cub.2015.09.008
Hermaphroditism leads to reduced sexual selection and can result in the retention of deleteriousmutations. A
new study characterizes one such mutation that results in male–male copulation in nematodes, while also
implicating a previously undescribed source of chemical signaling.‘‘If all the matter in the universe
except the nematodes were swept
away, our world would still be dimly
recognizable [.] we would find
its mountains, hills, valleys, rivers,
lakes and oceans represented by a
film of nematodes.’’
Nathan Augustus Cobb,
Nematodes and their relationships,
1914
Within the animal kingdom, mating is a
competitive and consistent aspect of life.
Success of mating is essential for passing
on of genes and for genetic diversity.
Sexual reproduction generally entails
mating between a male and a female.
However, there are species in which a
single individual can exhibit both male
and female characteristics. These
organisms, known as hermaphrodites,
have the ability to reproduce through
self-fertilization. Due to lack of genetic
diversity in the hermaphroditic matingsystem harmful mutations may persist
within populations. Therefore,
hermaphroditism, or ‘androdioecy’
(populations consisting of males and
hermaphrodites), results in a decreased
ability to respond to selection [1]. In this
issue of Current Biology, a new study in
nematodes by Noble et al. [2] details a
unique genetic locus that persists due to
the advent of this androdioecy.
Nematodes, or ‘roundworms’, inhabit a
variety of ecological niches around the
world, making them one of the most
widespread phyla on the planet. Most
nematodes are free-living, but some are
parasitic on both animals (including
humans) and plants. Nematodes are
considered to be eutelic — every
individual of a given species contains the
same number of cell nuclei, in the same
position within the body. Just like other
animals, most nematode species are
gonochoristic, meaning the species is
comprised of both males and females.
However, there are certain nematodespecies that comprise both
hermaphrodites and males [3,4]. Though
nematode hermaphrodites look like
females morphologically, their initial germ
cells give rise to sperm, which are stored
in a specialized structure called the
‘spermatheca’. The germ cells produced
later in development form the eggs, and
sperm from the spermatheca are used to
fertilize these mature oocytes.
Hermaphrodites cannot copulate with
other hermaphrodites, but they do have
the additional ability to copulate with
males in order to produce cross-progeny,
or offspring with diversified genetics.
Hermaphroditism is viewed to be
common in nematodes due to the
large body of work in the genetic model
systemCaenorhabditis elegans. However,
it is important to note that only
three species within the Caenorhabditis
genus — C. elegans, C. briggsae, and
C. tropicalis— have evolved this trait, and
they have all evolved it independently [5,6].
Most Caenorhabditis species are in facted
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Figure 1. Evolution ofmale–male copulatory
behavior.
(A) Evolution of hermaphroditism in the genus
Caenorhabditis. (B) A C. elegans male showing a
copulatory plug on the excretory pore. Image:
Matt Rockman. (C) Phylogeny of natural isolates
of C. elegans showing plugging and non-plugging
strains (after [17]).
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the androdioecious species such as
C. elegans, are still heavily studied in order
to learnmoreabout thebehavior, genetics,
and evolution of mating systems.
The relatively low frequency of males in
these populations is presumably due to
the balance between mutation rates and
selection of these mutations [7]. Due to
the balance of the two parameters, some
males are present in the population. Also,
selfing populations have decreased
fitness as they exhibit inbreeding
depression, and the small percentage of
males can enhance out-crossing of the
gene pool [6]. Offspring generated by
self-fertilization have limited access to
genetic diversity, becoming homozygous
within a small number of generations [8].
This can lead to deleterious mutations
persisting within these populations.
In gonochoristic species, males usually
compete for females; therefore, sexual
selection will act against genetic variants
that lower a male’s competitive ability
(unless it is counteracted by some other
selective advantages). In an
androdioeceous species, such variants
will not experience as strong a selective
pressure, as they are not needed for
hermaphrodite selfing, which constitutes
the bulk of the reproduction. The question
then arises: What effect does the
presence of hermaphrodites have on
male–male competition?
One of the major hallmarks of
male–male competition is the use of
copulatory plugs. Male C. elegans deposit
these plugs after mating to prevent other
males from fertilizing the same female.
Copulatory plugs are a widespread
phenomenon in the animal kingdom
and can be viewed as an active
mate-guarding strategy, allowing the
male’s sperm more time to fertilize the
female’s egg [9].
Caenorhabditis species that employ a
male–female mating system have been
observed depositing copulatory plugs
during mating [9]. The role of these
gelatinous plugs has been studied and
speculated upon previously (Figure 1B)
[8–11]. It is surprising that a
hermaphroditic species such as
C. elegans, which relies heavily on
self-fertilization, has natural isolates that
contain males that retain the ability to
deposit plugs (Figure 1C) [10]. It is
believed that the ability of some strains toCurreplug confers significant advantages in
male–male competition during mating.
In 2000, Gems and Riddle [11] noticed
an odd phenomenon in an Australian
isolate (AB2) of C. elegans (Figure 1B).
Males grown in isolation from
hermaphroditeswereobserveddepositing
copulatory plugs on the excretory pores of
other males. This was not observed in
other isolates, although males of other
hermaphroditic species have been
observed depositing copulatory plugs on
their own excretory pores [12].
In their new study, Noble et al. [2]
sought to determine the genetic basis of
excretory pore plugging. They generated
recombinant inbred lines with the two
polymorphic strains exhibiting the
phenotype and used quantitative trait
mapping to identify a genetic locus, newly
named plep-1 (plug on excretory pore).
Loss of function of this gene results in
male–male copulation. The gene is
specifically expressed in the excretory
cell of both males and hermaphrodites.
Though the gene has no known function,
plep-1 belongs to an expanding family of
genes within the rhabditid phylogeny with
domains having similarity to TWIK
(tandem of P-domains in aweakly inward
rectifying K+ channel).
The specific role of this unique
male–male excretory pore plugging is
unclear, although Noble et al. [2] note that
it is likely not conferring a competitive
mating advantage against other males
that are ‘plugged’. They suggest that
male–male pore clogging is an erroneous
process, a sign of the accumulation of
various mutations, and not a remnant of
genes inherited from their gonochoristic
ancestors. The authors show that the
mutation is actually deleterious to both
sexes, not just males, as hermaphrodites
carrying the mutation display decreased
movement (not just within the context of
mating).
While determining the cause of the
male–male mating behavior, Noble et al.
[2] observed an interesting phenomenon.
Although a significant portion of
nematode mating is based on touch, the
sensation of chemical cues is a major
component of male–hermaphrodite
mating [13–15]. It is not surprising, then,
that the authors first assumed that the
male–male mating was due, in some part,
to altered pheromone signaling. Such a
hypothesis is supported by the increasingnt Biology 25, R980–R1001, October 19, 2015 ªnumber of recent studies showing that
most inter-conspecific signaling in
C. elegans occurs via the ascaroside
family of nematode pheromones [2,15].
However, the authors found that this was
not the case. In fact, it appears that
ascaroside signaling might suppress the
observed male–male mating behavior.
This finding is extremely fascinating as it
points to a whole new area of further
study. Two questions arise: first, are there
any differences between the male
secretions versus the hermaphrodite
secretions of the different isolates? And
second, how do these secretions interact
with other biogenic molecules, such as
ascarosides? Previous studies on the
male secretions in the C. elegans N2
isolate indicate that males produce a
completely different profile of ascarosides
compared to hermaphrodites. Male
C. elegans respond to the presence of2015 Elsevier Ltd All rights reserved R985
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production, a type of response not seen in
hermaphrodites [16]. Future studies in this
area will likely yield some fascinating
chemical biology of sex-specific
secretions.
Based on the data presented in the
study of Noble et al. [2], we can postulate
that the male–male mating phenotype
likely evolved before the advent of
hermaphroditism in C. elegans. In future
studies, it would be interesting to see
whether male–female species containing
a mutation within the same genetic locus
display a similar phenotype. Additionally,
chemical analysis of the ‘secretome’ from
the excretory pore of the different isolates
may result in the discovery of novel
signaling molecules and provide insights
into the evolution of mating systems.REFERENCES
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The perceptual construct of flavor is built on the basis of interactions between taste and odor processing.
Recent work sheds new light on how intimately coupled these two senses are, and call into question
conventional views about the ‘unisensory’ processing of odors.Our perceptual view of the world is built
on a multisensory foundation. This
concept of perception as a multisensory
construct is perhaps nomore evident than
in our sense of flavor—which is ultimatelybuilt upon both gustatory (taste) and
olfactory inputs. The inherently
multisensory nature of flavor perception is
best illustrated when we are suffering
from nasal congestion (such as from arespiratory virus) and olfactory input is
greatly attenuated: under these
circumstances, our sense of flavor is often
reduced to the fairly rudimentary
submodalities of taste alone (salt, sweet,ed
